Many forms of " extensometer " have been devised for measuring the small strains of extension or compression which precede yielding in materials subjected to stress by direct pull or push. Such instru ments are employed, in the testing of metals, for determining Young's modulus and for observing the behaviour of the material as the limit of elasticity is passed. Apparatus of the same general kind has also been applied to examine the strains produced in the members of bridges and other structures by the application of load to the structure as a whole; the amount of stress in any member being in that case inferred from observation of the strain. Professor Unwin, who has himself designed more than one form of extenso meter, has described in his work on the ' Testing of Materials of Construction ' a number of instruments of this class, and has pointed out that a first condition of accuracy is that the measurements of extension be made on both of two sides of the piece, in such a way that a mean is obtained representing the extension of a central line. In practice, a rod always bends more or less on being pulled. Even when the rod is initially straight the pull is rarely, if ever, so sym metrically applied or the elasticity so uniform as to make the exten sion equal at all parts of the section. Hence, to avoid errors which would be great relative to the quantity under examination, the extensometer must be arranged in such a fashion that its indications depend only on the change of distance between two points on the axis of the rod, and are independent of those inequalities which are found to exist in the strains as measured on the surface. The condition is met either by taking two separate observations of the strain on two sides of the rod and averaging the two, or by making the extensometer itself indicate a mean strain. Bauschinger's appa ratus, in which two mirrors are used to indicate separately the strains on opposite sides of the rod, is an example of the first method. Professor Unwin's extensometer, in which the rod is grasped by a pair of clips at the extremities of two parallel diameters, the change of distance between the clips being measured, in an example of the other.
in the Testing o f Mater tively to C, so long as the two are not otherwise connected. But the piece B has fixed to it an arm B', which ends in a rounded point P, and this point gears in a \/-slo t cu^ transversely across the end of the piece C. The contact of P with the two sides of this slot removes the two degrees of freedom which B would otherwise have relatively to C, and makes the position of the pieces definite. Then, when the rod extends, the point P acts as a fulcrum, and the opposite end of C, namely, Q, moves down through a distance proportional to the mean displacement of the two pairs of set screws. The displacement of Q is a multiple of the strain, in the ratio of PQ to OQ. This dis placement is measured by means of a microscope, which hangs from B and sights an object at Q. The strains to be observed are so small that it is easy, without making the piece C inconveniently long, to prevent its angular movement from becoming sufficient to prove troublesome or to affect the accuracy of the indications. The arm B', which carries the point P, must be so attached to B that, as regards oscillation about the set-screws of B, the two pieces B and B' move as a rigid whole. But B' may be flexible in the direction which would give P motion at right angles to the plane of the paper, and by giving it flexibility of this kind (while preserving its rigidity as regards motion in the plane of the paper) the point P may be made to gear in a hole instead of a slot in C. There is a practical advantage in doing this, for if P gears in a slot any unequal extension ■of the front and back of the specimen makes P work along the slot, and it is difficult to secure that no error will result in consequence of the slot not being perfectly parallel to the axes of the set-screws. This consideration has led the author to adopt the plan of putting a transverse joint between the pieces B and B', with the object of giving P freedom to adjust itself to a hole (instead of a slot) in C, by movement about this joint in a direction perpendicular to the plane of the sketch. Incidently, such a joint has the further advantage that it allows the whole apparatus to be more conveniently and quickly applied to the rod under examination. The displacement of Q due to the strain is measured by means of a micrometer in the eye-piece of the microscope. A. micrometer scale engraved on glass is convenient for the purpose, and by esti mating tenths of a division on such a scale readings are readily taken which correspond to s'oijoo °f &n inch of extension on the part of the specimen, with an objective which allows the whole of the -elastic extension to occur without displacing Q beyond the field of view.
There is a fine screw with a divided head between B' and the point P. This serves to bring Q into a convenient position for sighting, and also to determine what is the absolute amount of extension corre sponding to a division of the eye-piece scale. Should a strain occur exceeding the range of the eye-piece scale, Q is brought back into the field of view by turning P through a distance which is observed by means of a divided head. Fig. 2 is a view of the complete instrument, taken from a photo graph. The clips B and C are in this instance set at 8 inches apart, and B is jointed to B' by a transverse joint, giving P freedom to accommodate itself to a hole in C. The joint between B and B consists of two upright pins fixed in B, one of which presses up into a hole and the other into a slot in B',the line of this hole and slot being perpendicular to the axis of the set-screws by which the clip is attached to the rod under test. Hence, so far as movement about the axis of the set-screws is concerned, B and B' act as a rigid whole. This movement is prevented by the gearing of P in the hole in the lower clip 0: The piece B' is a frame consisting of two parallel steel rods *united by a cross-bar at top and bottom, and carry ing, besides tbe screw P, the microscope, which is hinged to B' about the point E vertically above Q, and is provided with a focussing screw at P. The counterpoise D, which is also attached to the piece B', serves to balance the weight of the microscope and make the pressure vertical between P and the hole into which it gears. There is a supplementary counterpoise D' for adjusting the balance about the axis of the joint between B and B \ These counterpoises are adjusted until when the heavy end (Q) of C is raised, so that P ceases to be in gear with C, P has no tendency to move in any direction. The excess of weight on the right hand side of C suffices to produce the requisite pressure at the point P. The frame BB' with the microscope may be lifted off, leaving only the two clips attached to the rod.
The object sighted is one side of a wire stretched horizontally across a hole in a plate at Q, and illuminated by a small mirror behind. The distances OP and OQ are in this instance equal, with the effect that the movement of Q is double the extension of the rod. The eye-piece scale and the length of the microscope are chosen so that the numbers read on the scale correspond to 80-00 of an inch of extension. This adjustment is tested by turning the screw P, which has a pitch of inch, through one revolution, and observing that the displacement of Q is 500 units of the eye-piece scale. In the instrument illustrated in fig. 2 the whole scale comprises 1,400 units, and calibration tests show that throughout the middle 1,200 of them the proportionality of the scale readings with the real movements of Q is practically perfect.
To facilitate the application of the apparatus to any rod a clamp or distance piece, H ( fig. 3) , is added by which the two clips, B and C, may be held at the right distance apart, and with the axes of their set screws parallel. This makes it in many cases unnecessary to prepare the rod beforehand by punching or drilling holes for points of the set screws; the clamp is readily held so that the clips stand fairly round the rod ; the set screws are advanced to grip the rod, and the clamp is then removed by releasing the screws, GG. The con nection of the clamp to each of the clips is by means of three points gearing with a hole, slot, and plane. The clamp is specially con venient when the strain of the specimen has been carried beyond the elastic limit, and it is desired immediately to reset the clips to the standard distance apart after the length between them has been materially changed by the permanent extension of the specimen.
Another form of the apparatus designed for use on the members of actual structures, is shown in fig. 4 . There are essentially the same parts, but the arrangement is altered in order to make all the appa ratus lie on one side of the piece under examination-a desirable and Here each ton of load corresponds to 2'56 tons per square inch. The mean extension np to 10 tons is 84*7 per ton, and corresponds to a Young's modulus, E, of 13600 tons per square inch. The extension per ton increases slightly, but perceptibly, with the later loads, although the almost complete absence of set after 12 tons, and even after 14, shows that there was no very clear passing of an elastic limit, even under the greatest strain of 35*8 tons per square inch. There is just a trace of hysteresis in the relation of strain to stress which shows itself in tho removal of the load.
Differences. Load in Extensometer
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These two examples, relating as they do to cases where Hooke's law of the proportionality of strain to stress is very approximately true, may be taken to serve as tests of the sensibility and accuracy of the extensometer.
In the examples which follow, the limits were passed within which Hooke's law applies. In augmenting the stress so as to pass these limits, it very generally happens that one of the first evidences of overstrain is a time effect-a creeping up of the extensometer readingwhile the load is kept constant for a few minutes. This creeping, which is a familiar phenomenon in the measurement of strains, can usually be detected a good way before the yield point is reached. It is associated with failure in proportionality of • strain to stress, and also with permanent, or semi-permanent set. In. certain conditions of the material as regards previous treatment, this creeping is far more marked than in other conditions. It shows itself most when the piece has, immediately before the test, been subjected to a load sufficient to cause permanent yielding to occur. But if the same piece is allowed to rest for some days, and is then re-tested, the tendency to creeping is found to have disappeared or to be much reduced in consequence of tlie hardening and recovery of elasticity which the overstrained material undergoes with the mere lapse of time.
The following observations were made with a turned rod of com mon wrought iron, the original diameter of which was 0697 inch (section 0*381 square inch). Length under measurement, 9 inches. Each ton of load corresponds to 2*65 tons per square inch. The rod was annealed after being turned. The first loading, after annealing, gave the following results:-. With this load of 6 tons the yield point was reached. The creep ing under the load was at first slow, then gradually became acceler ated, and, finally, the sighted wire of the extensometer ran quickly off the scale. At the same time the oxide formed in annealing began to come off in the way characteristic of the yield point. The scaling of the oxide began at one place in the bar and spread gradually in both directions. The load of 6 tons was kept on without altera tion for about three minutes while this was happening, and when it was removed there was a permanent extension of 0*10 inch on the marked length of 9 inches.
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The extensometer was immediately reset to the normal length of 9 inches, an operation which occupied two or three minutes more, after which the bar was reloaded as follows :-(3b.) Same piece after stretching by a load of 6 tons.
Load in tons.
Extensometer These figures show how widely different are the elastic qualities of an iron bar in its primitive annealed condition, and in the condition in which it is put by overstrain., In the first condition there is almost no evidence of creeping or " elastische nachwirkung " up to say 5 tons of load, and Hooke's law is nearly valid. Immediately after an overstrain there are distinct evidences of creeping at lower loads, and when these lower loads are removed, there is the same kind of thing in the unloaded state, namely, an apparent set which disappears in whole or in part when time is allowed for the creeping to take effect. And further, after the overstrain there is no longer nearly so close an agreement with Hooke's law ; a given increment of load produces notably more strain at high loads than at low ones. In loading and unloading there is now much hysteresis in the relation of strain to stress.
In the overstrained state the lowest loads produce not much more strain than they did in the primitive state; the value of Young's modulus so far as very small strains are concerned is scarcely changed. But if the modulus be calculated by reference to the effects of higher loads, it will be much smaller in the overstrained bar. This has been noticed by Bauschinger, who has also observed the tendency, illustrated in tests to be described below, which iron and steel show to recover their elasticity with the lapse of time, after overstrain has taken place.* On resuming the above experiment, 45 minutes after the previous load had been removed, the influence of the overstrain was still conspicuous.
134
Prof The tendency to creep has now practically disappeared so far as this range of load is concerned ; the strain is very nearly proportional to the stress, and there is no set. It will be remembered that 6 tons was the greatest load formerly applied, and that it brought the piece to the yield-point in the original test.
The loading was then resumed, and was carried a stage further to see how far the new yield-point would be above the old one. It is clear from these figures that the elasticity has again been, to some extent, injured by the overstrain at the 7-ton load, small as that was ; and one effect is that even a load of 6 tons now produces some persistent set.
1895.] Strains in the
The following are values of Young's modulus E, for this bar, calculated from the foregoing experiments (3a, 3b, and 3c). Similar results have been obtained in tests of other bars, of mild steel, comparatively hard steel, and Lowmoor iron. In every case, overstrain has produced a like fatigue of elasticity, and elastic recovery has followed during an interval of some days or weeks of rest.
In several examples the process of passing the yield-point has been watched in the extensometer and has been seen to take place in the same manner as in test (3a). Creeping, which has been slightly visible under lower loads, takes place at first slowly, then it gradually gets faster, though no change is made in the load. This may go on for a minute or two before the crepitation of oxide begins. The following is an instance noticed in testing a bar of mild steel. The load having been increased a step, and kept constant, there were 3 scale-divisions of creep in the first minute 9 " " second " 320 " " third "
after which the index of the extensometer raced off the scale. In another case the writer noticed creeping going on quite slowly, when a sound of crepitation was heard. On looking at the bar it was seen that the crepitation had begun near one end, beyond the clips. As soon as it spread far enough to reach the clip there was, of course, a rapid movement of the index.
The following test will suffice in further illustration of the influence of overstrain and subsequent rest. It was made on a turned bar of moderately hard, or semi-mild steel, which had not been previously loaded beyond 6 tons. The diameter was 0*705 inch, and the section 0*390 sq. inch. The length under test was 9 inches.
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(4a.) Semi-mild Steel. Primitive state.
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These figures show that even after three weeks the elastic recovery is still somewhat incomplete. This is the more remarkable when it is borne in mind that the testing is done here with a load of 8 tons only, a considerably smaller load than that which had been applied to produce permanent set (namely 11 tons). The imperfection which the elasticity still shows after three weeks of rest would be more conspicuous if the loading were extended beyond 8 tons.
Throughout this group of tests evidences were seen of much elastic " nachwirkung." If a load exceeding, say, 4 tons, was left on for a few minutes there was continued extension, amounting sometimes to as much as five scale divisions. And when the load of 8 tons was removed there was, as the table indicates, a gradual retraction which in a few minutes destroyed the apparent set observable at the moment of removing the load. In the final observation (4h) this action had almost wholly disappeared, but even then a trace of it could be detected.
As elastic recovery goes on in the days or weeks following over strain there is a gradual return towards Hooke's law, or as it might be described in other terms, a gradual straightening out of the stressstrain curve. So long as the recovery is incomplete there can scarcely be said to be any elastic limit, in the sense of a point below which there is strict proportionality of strain to stress. 
